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ABSTRACT

Colloidal gasaphrons (CGAs) werefirst reported by Sebbaasmicro bubbles
(25-125um), composed of agaseousinner core surrounded by athin surfac-
tant film, which are created by intense stirring of a surfactant solution.
Since then, these colloidal dispersions have been used for diverse applica-
tions, with a particular focus on separation processes. However, exploita-
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tion of CGAsin petroleum industry is only an outset, which was first used
inwest Texasin 1998, called Aphron drilling fluid. Thisfluid ischaracterized
as having in its continuous phase, high viscosity at low shear rate and
containing, asinternal phase, micro air or gas bubbles, non coalescing and
recirculateable. In this paper, weilluminate the physical and chemical prop-
erties of aphron drilling fluid and its processing mechanism.
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INTRODUCTION

Drilling depleted reservoirsisfraught with ahost of
technica and economic problemsthat oftenmakeit un-
profitableto further devel op somematurefields. Most
of the problemsfocuson uncontrollablelossesinthe
largefracturesthat commonly characterizethesereser-
voirs. Thewater-wet sandsthat typify many of these
zones propagate seepage losses and differential stick-
ing, both of which are extremely expensiveto correct.
Uncontrollabledrilling fluid lossesfrequently areun-
avoidableinthelargefractures characteristic of these
formations. Furthermore, thetypicd laminated ssnd and
shale sequences create conditionsthat can makedrill-

ing excessively expensiveand dangerouswhen using
conventiond rig equipment. Consequently, theseand a
host of associated problems haveled some operators
to abandon continued devel opment of these promising,
yet problematic reservoirs.

Whendrillingawell, thedrillingfluidisthefirs mate-
rid to contact thewd |boreformations. Thedrilling fluid
thereforeplaysaprimary rolein determiningthetype of
damage and the extent to which the producing forma-
tionsareimpaired. Depending uponthetypeof fluid used,
damage can be caused or can beprevented. Idedly the
drillingfluidwill prevent dameageto the hydrocarbon bear-
ing zonesduringthedrilling phaseand will dlow for the
flow or hydrocarbonsduring the production phase.
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Drillingfluidformationshaveevolved over theyears
to prevent formation damage®®. Many previousworks
have dedlt withthelossof production dueto formation
damage, impairment mechanismsand remediation of
damage. Minimizingtheformation damagedoneto a
well and the efficient removal of that damage are of
primeimportancelnal drilling processes, for example,
conventiona water/oil basedrilling, dry drilling, ar/mist
drillingandfoamdrilling.

Thefoamdrilling system hasbeen used widdly, due
to theability to modify themany desirable propertiesof
foamfluidsfor oil field operationd”. foamfluid can now
betailored to have high carrying capacity, low density,
low filtrate, and crculation|osses, thusmakingit anided
fluid for anunderbdanced drilling. Foamfluidsarepre-
pared by mixing aliquid, agasand asurfactant. The
mixtureisvery complex anditsrheologica properties-
shear stress, shear rate, and viscosity are strongly de-
termined by theoperating temperature, pressure, liquid
phase properties, foam quality, foam stability, foam tex-
ture, foam channel wall interaction, and thetypeand
concentration of the surfactant, changesin these pa-
rametersaffect theflow properties of thefoam fluid
and may serioudy changetheir hydraulic behavior. This
effect inturn may affect their stored energy, viscosity
and the prediction of friction losses®9.

Theneedfor devel opment of novel methods, which
minimize, and/or put an endto lost circulation, particu-
larly containing damage-prone zones or depleted, low
pressurereservoirs, whilelowering therunning costs of
theoveral process, thereforeremains. For thisreason,
the potential of CGA asatechniquefor preventing for-
mation impai rment isbeing explored.

A new system has been devel oped, awater base
drillingfluid called Micro-bubble-Aphron, designed to
drill low-pressurematurereservoirsthisfluid combines
certain surfactantsand polymersto create asystem of
aphronsencapsulated inauniqudy viscosified system.
In order to produce aphrons, agas core of the proper
szeand conditions, whichisof pressuredrop and cavi-
tation, must exist. These conditionsexist inthehydro-
dynamic cavitation produced asthedrilling fluid exits
thebit nozzles. Thisturbulence and pressuredrop cre-
ates“microvoids’ that areavail ableto be encapsulated
by the surfactant and harnessed asenergized spheres
ableto contain the pressure under which they arecre-
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ated. with this contained energy aphronshavethe abil-
ity to reduce density, create downholebridginginfor-
mation openings, and enhancethelow shear ratevis-
cosity (LSRV).

Aphrondrillingfluidwasfirg implemented in Cdli-
fornid¥. Sincethen, thisnovd drilling system hasbeen
usedinmany oil fiedldsand their performanceresultsare
availableintheliterature®4,

Drilling with aphron fluidshas been shown to pro-
videsgnificant benefits, including:

¢ Reducedengty without injecting gasses.
Arerecirculategble.
Provide stablefluid properties.
Minimizewe| control problems
Build bridging system downhole. Provides
boreholestability.

e Provideexcdlent holecleaning.

e Minimizecuttingsbed formetion.

e EnhanceL SRV, for sahility.

Althoughtheuseof theaphrondrillingfluidisexpe-
riencing growth at anincreasngrate, itisonly aninitia
stage. For thisreason, wewill present abrief review of
thephysical and chemica characteristicsof theaphron
drilling systemin order to promoteits applicationsin
moreoilfidds.

Aphron structure

Colloidd gasgphrons(CGASs) aregasmicrobubbles
(25-125um) created by stirring asurfactant solution at
high speed (5000-10000 rpm). The structure of CGA
was first proposed by Sebbd®®. Sebba claimed that
CGA arenot like conventiona bubbles, which are sur-
rounded by asurfactant monolayer, but are gas bubbles
surrounded by three surfactant layers (Figure 1).

Figure lillustratesthe differences between asoap
bubble and agas aphronin thestructure. According to
Sebbd?®, a CGA consists of aninner gas phase sur-
round by asoapy shell. The soapy shell hasan inner
and outer surface. Theinner surface of the shell con-
tactsthe gasbubble; whereas, the outer surface of shell
contactsthebulk liquid. Thesetwo surfaceshave sur-
factant monol ayers absorbed on them. Water near the
two surfacesisdifferent from the bulk water because
thewater near the surfaces hasmore hydrogen bonds
them the bulk water. Thiswater phase positionsthe
surfactant moleculeswith the hydrophilic hydrocarbon
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Figurela: Sructureof asinglecolloidal gasaphron (CGA)
by Sebba

head pointing inwards and the hydrophobi c hydrocar-
bontail pointing outwards. With thisorientation, the
CGAsare prevented from coalescing. An dectric po-
tentia gradient isinduced by the orientation of the hy-
drophilic hydrocarbon heads at theinterface of theair
bubble. CGAs created with the same surfactant will
havesmilar surfacechargesandwill not colloid together.
The CGAscanlast for minutesor for hours, if sirringis
maintained, without coal escencebeing gppreciable. The
combination of thesetwo effectsresultsin foam that
can bepumpedinapipe.

Thistheory was based on severd experimental ob-
servations, including stability measurements. Theevi-
dence for the proposed CGA structure by Sebba
(1987)* isinconclusive.

Despitethelack of understanding of the structure
and stabilizing mechanismsof CGA dispersions, ob-
servaiond®™* indicatethat:

¢ CGA havelargeinterfacia areaper unit volume; a
result of their small szeand high gashol d-up (typi-
caly 50%).

o CGA exhibit relatively high stability.

e Flow propertiesof thesedispersonsaresimilar to
thoseof water. Sothesefluidscanbepumped essily,
without collapsefrom on location to another.

Density ranges
Oneof theinteresting propertiesof aCGA isthat it
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Figurelb: Sructureof asinglefoam
providesoneof thelightest liquidsat ordinary tempera
turesand pressures. Incorporation of stableair/gas par-
ticlesintoadrillingfluidwill obvioudy lower thedengity
of thefluid. Thereductionindrilling fluid density isdi-
rectly related to the concentration of surfactant con-
tanedinthefluid. Inlaboratory conditionsitispossble
to obtain stabledrilling fluid densities, under no pres-
sure, aslow as 700kg/me. Field applicationshavetaken
thesystem to aslow as800kg/m? dengity, althoughitis
more common to run the densitiesin therange of 900-
950kg/n. Drilling fluidswith mud wei ghtsunder 800kg/
métend tojack themud pumps severely.

Because of the larger content of gas, the density
changes greatly with the change of temperature and
pressure. Accordingto anaysisinlaboratory and data
derived from applicationson thesitd*4, withthe pres-
surerising, thechangerate of gphrondrilling fluidsbe-
comessmal until approach zero intheend; the affec-
tion of temperatureto gasmol eculesisvery big. With
the temperaturerising, the kinetic energy of gas mol-
eculeswill rise, and the gasishard to be compressed.

Air/Gasisacompressiblemateria when subjected
to pressure. M easurement of aphron fluid density on
surfacewill belessthan the actual downholedensity
dueto compression of theair or gaswithin thefluid.
While exact depth vs. density curves have not been
established, an actual downhole pressure device used
onawell showed that a900 kg/m? density surface mud
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Figure2a: Aphron fluid densty vswell depth
weighed 950kg/m?® at a700 meter depth.

Thefluid density need not berestricted to dengities
lessthan 1000kg/m?2. Theair/gas particles may been-
trained inweighted fluids contai ning common we ghting
agentssuch asbarite, cacium carbonate, hematite, etc.
Therefore, the aphron fluid is applicable for usein
higher-pressurewells. Such fluidsmay beutilizedin
underbal anced drilling, overbalanced drilling, or even
at-balanced drilling operations.

Rheology of aphron drillingfluid

Inorder to be most effective, the gphrons must be
gabilizedinadrillingfluid, thisismost effectively done
by using ahighyield stress, shear thinning (HY SST)
polymer. Thistypeof polymer mogt effectively viscosfies
the““lamella” separating the gphronsand thewater |ayer
inthe bubblefilm surrounding the aphron core. This
buildsthe strength of the bubblefilm and the surround-
ing layer so that aphronsare self-contained. Thisfea
ture allowsthem to resist both compression and ex-
pansion so they are effective downhole and
recirculateable. According to sebba, aphrons protected

TABLE 1: Effect of aphron generation on low shear rate
viscosity (L SRV) of variousfluids

Fluid 1 2 3 4 5 6
sample No.

L ow shear rate viscosity, mPa.s (Brookfield rheology @

0.5rpm)

Before

aphron 880 4560 1880 11600 5280 1380
generation

After

aphron 4880 9200 6200 19400 11600 20600
generation
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Figure2b : Temper atur e-Pressure-Density curveof aphron
fluid
by encapsulating shells can attract oneanother to build
up complex aggregates. These aggregates can contain
tremendous energy because of Laplace pressure.

Inadditionto stabilizing thegphrons, thedrillingfluid
must produce hol e cleaning, cuttings suspension, and
invasion control necessary for optimum performance
whiledrilling the high angle or horizontal borehole.
Biopolymers produced by the action of bacteria, fungi,
or other microorganismson asuitablesubstrate, which
increasesthelow shear rateviscosity (LSRV), are par-
ticularly useful inthedrillingfluids.

A xanthan gumswerefound to bemost effectivein
stabilizingtheaphronsindrilling fluid. Thelow shear
rate viscosity (LSRV) was used to produce excellent
holecleaning, cuttings suspens on, and invasion control
inadditiontoaphron ability. TABLE 1 showstheability
of aphronsto enhance LSRVIY,

Thedrilling performance of theHY SST fluidsin
highangleand horizontal holecleaning, anditspreven-
tion of cuttingsbed formation, invasion control hasbeen
documented. Thisceaner borehol ereducescuttingsand
debris, which can becarriedinto theformation or stored
inthecuttings bed.

A minimum low-shear rateviscosty of thedrilling
fluidisasorequired aspart of thefluid package. The
drilling fluid requiresgood LSRV to keep theair/gas
particlesfrom escaping out thefluid on surface. In prac-
tice, an LSRV of greater than 50000mPa.s on a
Brookfield at 0.5rpmisthe minimum rheol ogy required
tokeeptheair/gasparticleswithinthedrillingfluid sys-
tem. Ideally, a100000mPa.s Brookfield viscosity will
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keep all air/gas particlesentrained and will keep the
drillingfluid density a aconsistent and prediictebleva ue.

Thedrilling fluid compositioniskey tobeing ableto
achieve LSRV and thereforethe entrainment of theair/
gasparticles. Brookey employed highyidd stress, shear
thinning polymersin order to achievetherequired rhe-
ology and to ensurethat the air/gas particles are self-
contained.

Bridgingwith air/gasparticles

Thevast mgjority of reservoir formationsarewa-
ter-wet. Asthe oil/liphophilic phaseis displaced by
water, whichwetstherock surfaces, capillary pressure
isadrivingforce Aninsular globuleof non-wettingfluid
movesonly by virtueof thedifferentid pressureapplied
acrossit within amoving wetting fluidi*¢9, Beforea
globulecan bedisplaced, thispressuredifferentid must
be sufficient to squeezeit through capillary restrictions,
which offersresistance. Theresistance offered tofluid
displacement by abubble of non-wetting fluid when
sgueezed fromitsorigina radiustothe constrictionra
dius, can be described by thefollowing expression®:

w=2(fr- 1)

where: A iscapillary pressure(resstance);
yisinterfacid tension;
v, iscongtriction (capillary) radius;
y,isorigind radius.

Althoughthepmay bevery smal for asnglebubble,
the cumul ativeresi stance of many bubblesmay belarge.
Itishighly unlikely that pressuregradients of sufficient
magnitude could begppliedinthefiddto overcomethe
“Jamin Effect”” and force deep penetration of aphrons
into theinterconnected openingsin permeableforma
tiong22l,

An aphronismuch morethan a“gasbubble”’. The
viscosified water lamella, intandemwith the surfactant
layers, creates an “energized environment”. When an
aphronisgeneratedindgdealiquid, anew surface must
becreated, whichincreasesin areain proportion with
the growth of the bubble. Thisexpans on must be bal-
anced by anincreasein the pressurewithinthe bubble
(Laplace pressure), thus explaining why theaphronis
associated with an “energized environment” or
“precompressed structure”.

Aphron contain agas nucleus of encapsulated air/
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Figure3: Bridging mechanism
gasand compresswhen circulated down hole. Thein-
ternal pressure of these micro-bubblesincreasesat a
rate proportiond to theexterna pressurebeing applied.
The combination of increasing pressure and tempera-
ture serveto energizetheindividua aphrons.

Oncethedrilling bit exposes adepleted formation,
theaphronsimmediately aggregatewithin the openings
of low-pressure zones. There, aportion of theenergy
stored within each aphronisreleased, causing it to ex-
pand. Theexpansion continuesuntil theinternal and
external pressuresonthewall of theaphron arein bal-
ance (asshownin Figure 3).

Asthe energized microbubbles enter formation
openings, they carry energy equal to that of the annu-
lus. Asthe aphrons crowed into the openings, externa
laplaceforcesincreasedramaticaly, causing aggrega
tionand anincreaseinlow shear rateviscosity (LSRV).
Themicro-environment created by this phenomenon
formsasolid-freebridge. The characteristicsof thesys-
temallow itto create alow-density systeminthefor-
mation openings separating the borehole and thefor-
mation. Thesystem continuesto build until an at-bal-
ance condition isachieved. It may be said that when
thisconditionisachieved, thedownholefiltratevaueis
zero, and that continual or sporadic filtrate does not
occur.

I mpact on production

Themain benefit of thisdrilling fluid systemisinits
ability tominimizelost circulation. Thisisbeneficid to
well productivity, primary cementing and providesthe
meanstodrill through low pressureformationin search
of productivezones below. Thesewellsusing aphron
fluid havegenerally exhibited faster response after ini-
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tid stimulation. Thequick responseto productionisdue
to thefact that the micro-environment consists not of
filtratewater or solids packed wallcake, butisasystem
containing mostly air/gas, with small concentrations of
surfactant and polymer. Therefore, removal at well
completionisnot difficult. Theenergized gphronsusu-
alywill removethemsavesastheboreholehydrostatic
pressureisrelieved. Any residue of surfactant and poly-
mer isminor and isnot tenacious dueto novel surface
wetting characteristics. Thissurface wetting encourages
removd of theresidue by dilution of the produced hy-
drocarbons, andfast, easy well cleanupisnormal with
the gphron system.

Summary

Theshell ingphron structuresresistscompression
and loss of encapsul ated air/gas, while promoting ag-
glomeraion. Aphrondrilling fluidsasthebridging agent
areextremdy effectivein preventing formationimpair-
ment. The systemiseffectivein awidevariety of for-
mation types, especidly high-permeability formations.
Inaddition, thegphron drilling sysemsarenct only weter
basefluids, but also oil base systemd?%, The use of
aphron drilling system has proved to be asuccessful
and cogt-effectivedternativeto drilling underba anced
or at-balanced.

Despitetherapid devel opment in application of
aphrondrilling fluids, many problemsassociated with
field applicationsexist and need to be addressed scien-
tifically. The performance of the compressibledrilling
fluidsisrather unpredictable. Thisismainly because,
comparedto conventiond (incompressible) drilling flu-
ids, very littleisknown about the hydraulic and rheo-
logica propertiesof compressibledrillingfluids andeven
lessisknown about their cuttingstransport capabilities.
Other questions remain, such as how to predict the
bottom-hol e pressureand how to combinedifferent con-
trollablevariablesin order to obtain optimum cutting
trangport performance and bit hydraulics. Findly, there
isalso aneed to conduct research on exact depth vs.
dengdity curves.
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